
July 16, I.955 

Dear Frsncois: 

Thank you very much for sending us the mss. of your several pqers that 
have to do with K-12 genetics. We have been somenhat remiss about our corres- 
pondence generally, for the usual reasons; Esther is especially sorry not to 
have finished a half-completed letter (commenting W on the Lp transduction 
paper) that has been sitting in her desk for weeks. She sen&her apologias, alo-ng 
with a query whether you want to return any comment on the letter she sent you 
last summet from 'rrloods Hole (on erotic induction). I will confine myself to the 
recent notes on "mechanisn! cf recombination". Itwill perhaps clarify my own 
@& position to copy a diagram from a review that was part of the Oak Ridge 
symposium (ard I wish the level of our secretarial service made it possible for me 
to return the favor of excha&ging mss., but this was ra&r a long paper)-- which 
should have been in print months ago, but isn't. 

For & the known nrjchanisms of recombination in ba: teria, there should be 
perhaps two criteria for distinguishing sex from transduction. Like any otier*:ji 
the categories of this classification are not necessarily sharply delineated, and 
having reached the current stage of enlightenment on genetic recombination, there 
may not be too much point in fussing over what is or hs not "sex"; this was not SO 
true ten years ago when the transduction theory for the pnetunococcus transformation 
had not been generally applied and rolatei to other recombination mechaddrsms. 

The criteria just mentioned have been (in my own mind): 1) the interaction of 
intact carlls (contra subcellular [i.e. filtrable] vectors) and 2) the initial trans- 
mission of a whole for substantially whule- cf. heterogzmstic sen determination] 
genome by both gametes. Criterion l), having bean somewhat confused by the relation- 
ships of F x'xxx seems no longer controversial, if I correctly interpret your and 
Hayes' usags of "co.njugaticntl or 'lZygotel'. Criterion 2) has been the most vexatious 
problem ever since the "aberrant heterozygotes" Nere fdrst discovered to be ha,zizygous 
for certain genes, notably &l and S (aqd lakr feud b inclui;e Lp and some Gal's). 

Unfortunately (it is :my o-rm conclusions that) data on viable haploid recombinants 
cannot distingui.s?l bet;teen ho explanstions of the loss of genetic ira"terial. that is 
revealed in the hetorozygotcs and in F polarity effect generally; 3) does this seg- 
zntsl loss occur prior to the form.ation of the "zygote" or 4) subsequmtly; and 5) 
is the 1033 variable or constant. Concerning 3)/4) th .6 study of diploi%3 h33 given 
results that factor 4) almost unambiguously (see Nelson and JL, PNAS, 40:415, 1954) SO 
I won't.repeat the argu-%nt. Similar studie s have answered 5) e,qu&ly def in&tely: 
the region th at is subject to eltiination is precisely.defined-- it a&rcljrs includes 
tile markers Mall; S; Lp; Gall, Gal etc; it never includes any of the of&r m 
mark rs that have been studied, SUCK as Lac, for example. % Most strikingly, Gal is 
repularly heterozylzous, while the closely linkad Lp, Gall etc., are invariablg b- 
zygous . If I had ever seen a diploid that was hemiaygous for Lac but hefxrozygous 
for Ma1 (the conve of the usual situation), I would have to adopt a different view 
Since you have had the Ret stock (ask Jacques anyhow) for some time no)v, I would urge 
you to verify soizks of tiXe points yourself; we are still working on some of the 
det,&h of the Gd. segment oursalms. Eut I have not been able to reconcile t&se 
fidings witn any o21=r tolerable scheme but that the breakage points are invariable, 
and t-hat, the breakage (or at least ths loss of the dist& segments) is postsygotic. 
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This scheme is compatible with any data from pairing anzlysie, Khether cytologics~. 
or inferred from mechanical shearing: I think it would have to ba since the latter 
tests could not separate the deficiencies that ma7 arise before from those after 
the zygote is formed. Although relatively few loci are known to be eihinated, 
the effects spread much further since any marker liniced to a deletion fill 2.lso 
be lost (an a haplo-lethal nucleus) unless separated by crossing-over. Thus the 
gradient that we had observed in the "trahsmission"# of the markers [to recombinanti 
not necessarily to the zygote as you imply0 might BHB: be explained by 2 deletion 
which is distal to TL, for which we so far have no included markers. 

As to your own experiwnts, 
&==Pl~ 

I am puzzled by one point of the theGry. The 
a au for 'AZ and S at 20 minutes suggests that the rlO" region of 

each gamete had been transnrttted by this time. The Gal region, and the Lac, would 
avidently only begin to come in afterwards, Are you pestulating that these markers 
are on a single chromosome&#&su the sue as the TL? If so, tnen you rrrclst ascribt 
the fractional transmission (e.g. AZ :vithout Lac) to ths breakage by the me~hanicai 
treatment (flaring blendor?), and the nrnmal course of events would have been the 
transmission of the whole genome. Since my own diploid experiments have not includl 
artificial coitus interruptus, there is not necessarily any inconsistency between 
the regularity of elimination in normal crosses and the variability that you infer 
for these conditions. HoNever, I may have misread your thinking on this question 
and hope you will enlighten us. To verify this conclusion, I would think it would 
be necessary to isolate some unreduced aneuploids, which would then 
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comparable to the TLac-/df Mal+/- that I have never seen otherwise. Hayes and 
Skaar have intimated, respsctively, that they may havg frag,mentation of a similar 
sort in crosses of T-l infected K-32, end in strain B x K-12, for either of which 
more evidence is needed. It would be a clever thing to induce transduction intra- 
cellularly by fragmenting the male gamete, 2nd it suggests what ought to be tried 
with higher forms. In passing, have you ever heard the outcome of siniilar attempts 
by Luria to obtain partial 'linjec tionsp of Tl or Tj by changing the jcsr3cw ionio envi 
rormnt?] 

Until the intermediate stage can be is.>lated and characterized, I wollid reserve 
judg;rent on whether you have partial fertilizations, or whether you have modified 
the chromosome pairing pattern (as you already suggest as the effect of W) so as 
to influence the probabili8; of crossing ever between a fixed deletion a.& the mar- 
kers you are f&lowing. I have teen hoping to develop the t&~~ic2l possibility 
of mating Hfr x F- diploids (for conjugal pairs) in hopes of better defining the 
content of the Hfr gmeb2 but so far this is not nearly feasible. 

Nokithstanding the differences in outlook, we appreciate 7our keeping us infor: 
of your firdings and only regret the barrier of distaxe tilat prevanti We easy 
synthesis (or compro,mise?) of our conclusior3. Have you ev2r thou"?+ -, 4 of spending 
a year in the U.S.? If there x6x-e my possibility of your taking the t&E, I am 
sure you would have no difficulty in obtain-Cng a subsidy for yoclr passage, perhaps 
Freon Fulbright or Rockefeller; given that, and sort? t5-i~ for pre>z-ation, I am SUIY 
we c3~L d make it finaLncially comfortabie. Cur lab. is due +a be srjmeahzt 2npovad 
a&G , trrid ~;a w;iuld do oL;r best to m&e y;~. at home. Ve :&ht SV~T, speak French in 
t:qe m- but th2.t rAgl?t send you back +d Paris. 

I hop2 Jou i4ill forgix tip? oien+AtiQr, of tJ1j.s letter; the presentzticn Of .Qy 
0;;~ vie:;3 doea n?t .xea tliat 1 Lrsist c;pp. t&xj but this for:.- za~.i;?d the i;iCst 
conveai~t techr&~u.3 to cqcse t&. tc ;;31;t cozL:mt. 1 32~~ j,,n ytorkj.::g jY, I*eC.>ti 
%i LOi; t sr dxost 10 j'BdJ-L'j, tot ;>yig a tieIs 1 i;l?>m>;, ~21 It je~p-:&l y.e 2 gre&f CC&- 
fort to be sble to ul~pt a:.!y t1;~ x-y that W>Uld reconcil!3 the oxi3r,5s of f23'vS. 

Tith bsst regards to Lie and Jacques ad Alain %mxmi~ 
Yxrs sincerely 



. 

P.3. 'kat db you xake of Fredericqi's ~e.nagss a trois-- the crosses invcllviq 
c,&ici.n E. Cn kinetic grv~3s, swh k@mmkttripcumtal co&inations are 
incredible,whatever hypztiesis of i;;echanisl;:. But Dr. Bernstein hem did so.= 
experiments (just before returr!ing to ~Qgiand) v;itk colicin F (probably 8%~ 

, lock) whose results agreed with Fredericq's, so that must be accept-z;? at face 
value. Xor could Bernstein find sny high frequency of tran.missLon of Ckfr (colicin 
F resis'kme) in mixtures without se1 ,ecting for other recombimnts. Have you 
done or heard any more on this ? The possibiliti& of a trivial. explanat&on are 
not ex&ausjted, but it is most puzzling. 

. . 
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